This paper analyses the impact of financial crises on the Sustainable Development Goal of eradicating poverty. To do so, we develop an adjusted Multidimensional Poverty Framework (MPF) that includes 15 indicators that span across key poverty aspects related to income, basic needs, health, education and the environment. We then use an econometric model that allows us to examine the impact of financial crises on these indicators in 150 countries over the period 1980-2015. Our analysis produces new estimates on the impact of financial crises on poverty's multiple social, economic and environmental aspects and equally important captures dynamic linkages between these aspects. Thus, we offer a better understanding of the potential impact of current debt dynamics on Multidimensional Poverty and demonstrate the need to move beyond the boundaries of SDG1, if we are to meet the target of eradicating poverty. Our results indicate that the current financial distress experienced by many low-income countries may reverse the progress that has been made hitherto in reducing poverty. We find that financial crises are associated with an approximately 10% increase of extreme poor in low-income countries. The impact is even stronger in some other poverty aspects. For instance, crises are associated with an average decrease of government spending in education by 17.72% in low-income countries. The dynamic linkages between most of the Multidimensional Poverty indicators, warn of a negative domino effect on a number of SDGs related to poverty, if there is a financial crisis shock. To pre-empt such a domino effect, the specific SDG target 17.4 on attaining longterm debt sustainability through coordinated policies plays a key role and requires urgent attention by the international community.
Introduction
The adoption of UN 2030 agenda for sustainable development, crystallised in 17 Sustainable Development Goals (SDGs) and 169 targets, is one of the most important decisions that has been taken in the pursuit of socioeconomic and environmental sustainability. Yet, the whole SDGs endeavour has been based on the assumption that the global economy would be steadily 'moving forward'. Developing countries were anticipated to grow on average at 5 percent, between and 2030 (UN 2013 , while the target for least developed countries was even higher at 7 percent per annum (SDG 8: target 8.1).
Neither developing nor least developed countries have reached the anticipated growth rates in any single year since 2015. Especially, least developed countries have lagged significantly behind, with average growth for 2015-2018 at 4.2% (WB databank). Furthermore, over the last decade, global debt has been rising in all sectors across the globe (Antoniades and Griffith-Jones 2018). These dynamics are especially pertinent in the low-income developing countries (LIDCs), 1 which are the priority target of SDGs. Debt has risen significantly in the great majority of LIDCs over the last years, and now 40 percent of these countries (i.e. 24 countries) are already in debt distress or face a high risk of debt distress (up from 21 percent in 2013) (IMF 2018a). The rise of debt is not necessarily a negative development. Indeed access to funding is a prerequisite for economic development (Cecchetti et al. 2011; Antoniades and Griffith-Jones 2018) . But the magnitude of debt distress problems currently experienced by LIDCs threatens the successful implementation of SDGs. This is not only an issue for LIDCs. Across 126 developing countries, debt repayments have increased by 60 percent between 2014 and 2017 and are now at the highest level since 2004 (Jubilee Debt Campaign 2018) . This means that an increasing percent of the income of developing countries is not directed towards investments that will help them meet the SDGs, but towards servicing their debt. In some cases, the magnitude of this burden can hardly be overstated. According to UNCTAD (2018: 5) 'in poorer economies, interest payments as a percentage of government revenue more than doubled from 5.7 percent in 2008 to 14 percent in 2017 and to 18.5 percent in sub-Saharan Africa, reaching as much as 30 percent of tax revenue in some sub-Saharan economies'.
The recently attempted monetary normalisation in the US and the EU has significantly exacerbated these negative debt dynamics in developing economies. Increases in the US dollar and Euro interest rates were accompanied by disinvestment from developing countries, leading to their currency devaluation (see BIS 2018) . The numbers are staggering: 79 percent of developing countries' total debt (i.e. both public and private, including financial institutions) is denominated in US dollar and 13 percent in Euro; only 4 percent is denominated in local currencies (authors' calculation based on BIS 2018 statistics). As a result, developing countries' treasuries, corporations, banks and households have to pay higher interest rates with local currencies the value of which in many cases has collapsed. Historically these conditions lead to currency and/or bank crises followed by sovereign debt crises and defaults.
These adverse dynamics are exacerbated by the fragile and deteriorating condition of the global economy. In recent annual reports, the IMF (2019) refers to a 'weakening global expansion' and the World Bank (2019) to 'darkening skies'. Both institutions refer to a number of headwinds against the weak recovery experienced by the global economy after the 2007/08 global economic crisis. These headwinds include tightening financial conditions, trade tensions, increased geopolitical uncertainty, reduced resilience, and, as already noted, high levels of public and private debt. The slowdown in growth in developed economies raises also concerns about the donors' will and ability to honour their commitment for increasing development funding; a sine qua non factor for meeting the SDGs.
Although international organisations have recently shifted their attention to the effects of existing debt dynamics in the implementation of the SDGs (e.g. IMF 2018a; UNCTAD 2018; UN 2018) , analyses that attempt to quantify the implications for different SDGs and to assess knock-on effects between them are still missing. In this context, this paper focuses on poverty and has a dual aim. First, we develop a comprehensive framework that allows us to study in an integrated way the aspects of poverty that are dispersed in different SDGs. This is important as aiming to eradicate monetary poverty without addressing poverty's multiple social, economic and environmental facets is unlikely to succeed. To do so, we propose an adjusted Multidimensional Poverty approach that allows us to bring together monetary, basic needs, health, education and environmental aspects of poverty.
Second, we bring the existing global debt context 'back in' in the analysis of SDGs by offering new estimates on its impact on poverty as a multidimensional phenomenon. We do not mean this primarily as an exercise in numbers or costing. Having concrete estimates on how existing debt dynamics impact on different dimensions of poverty, in different groups of countries, help us understand better the mode of interaction, feedback loops and dynamic linkages between these different poverty dimensions in conditions of financial distress. This is an important piece in the jigsaw of rethinking and hopefully improving the implementation strategy regarding the eradication of poverty in the current global economic context. To produce these new estimates, we use a large dataset of more than 400 past financial crisis episodes, across the globe, over the period 1980-2015. Our data are not constrained in sovereign debt default episodes, but include currency crises (significant depreciation of local currencies vis-à-vis the U.S. dollar), as well as banking crises that require significant policy intervention measures by governments. Thus, we attempt to capture most of the parameters that define the global debt context of SDGs implementation.
Our analysis proceeds in the following way. First, we present our adjusted Multidimensional Poverty approach that includes aspects of income, basic needs, education, health, and environment. Then, we present our data sources and modelling strategy that aim to assess the impact of financial crises on Multidimensional Poverty. Finally, we present and discuss our findings. Based on the latter, we conclude that current debt dynamics are making the attainment of SDGs in most LIDCs unfeasible. This is a problem that will not go away unless decisive action is taken from the side of the creditors. Therefore, activating debt sustainability management tools, included in SDG 17, should become a priority, if the SDGs are to remain on track, especially in LIDCS, and the gains made with the Millennium Development Goals (MDGs) are to be maintained.
Multidimensional poverty in the SDGs framework
A number of recent studies has pointed to the fact that if no significant action is taken now, the SDGs will not be met by a wide margin (e.g. Chandy et al. 2013; Schmidt-Traub 2015; Manuel et al. 2018; Development Initiatives 2013 . For instance, Chandy et al. (2013) using a consumptionbased model estimate that the number of people in extreme poverty in 2030, in their baseline scenario, will be 342 million (cited in Development Initiatives 2013), while under benign conditions (best case scenario) this could fall to 100 million and in adverse conditions (worst case scenario) it could rise to 1.04 billion. Similarly, Manuel et al. (2018) project that if growth continues at past rates the number of people in extreme poverty will be halved in comparison to 2015, which means that 400 million people will still live in poverty. This corresponds with updated projections reported by the Development Initiatives (2018) that point to a margin between 200 (best case) and 400 (worst case) million people still in poverty by 2030. Furthermore, the available studies point to an increasingly greater concentration of poverty in low-income countries (54 percent of global total according to Manuel et al. 2018 ) and in sub-Saharan Africa (50 percent of global total according to Development Initiatives 2018), i.e. those areas and populations that are in greater danger of being 'left behind'.
Yet, the experience from the earlier UN Millennium Development Goals programme (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) has taught us that meeting a nominal poverty or funding target is not enough to reach those most in need or address the causes that perpetuate extreme poverty. It is unlikely that extreme poverty itself will be eradicated if we increase people's income to more than $1.90 a day, because extreme poverty is a multidimensional condition of deprivation rather than an amount in dollars. Put differently, without employing new integrated frameworks of analysis and supporting new arrangements and practices that address the sources of poverty in developing countries (and beyond), SDGs will not meet their aim of eradicating poverty regardless of the amount of money poured into meeting nominal poverty targets (Clemens et al. 2007; Devarajan 2015) .
Moving beyond extreme poverty headcount indicators and including more poverty dimensions and their interrelated nature is therefore a precondition for developing effective strategies to tackle global poverty. Yet, there is no easy way to tackle the overlapping and co-determining nature of SDGs. Sachs et al. (2019) suggest to operationalise SDGs, by organising them into six sets of transformation:
(1) education, gender, and inequality; (2) health, wellbeing, and demography; (3) energy decarbonization and sustainable industry; (4) sustainable food, land, water, oceans; (5) sustainable cities and communities; and (6) digital revolution for sustainable development. In a similar manner, Schmidt-Traub (2015) has suggested to approach SDGs as eight 'investment areas'. But these suggestions diffuse rather than integrate the different aspects of the phenomenon of poverty.
A different approach would be to prioritise the conceptualisation of poverty as a multidimensional phenomenon. The contribution of the Multidimensional Poverty Index (MPI) designed and launched in 2010 by the United Nations Development Programme (UNDP) Human Development Report Office (HDRO) and the Oxford Poverty and Human Development Initiative (OPHI) is critical here. The MPI attempts to capture poverty in terms of deprivation in three key aspects of living: health, education, and living standards. Therefore, it generates unique insights in what ways are different people poor and 'how people themselves experience poverty in multiple and simultaneous ways' (UNDP 2019; Alkire and Santos 2010; Alkire et al. 2011) . In this way, MPI not only goes beyond an income-based definition of poverty, but also offers a framework to integrate different SDGs in analysing poverty as a social rather than a monetary phenomenon. For as analysis on Multidimensional Poverty has demonstrated, people may not fall into the $1.90 category of extreme poverty, but may still experience extreme poverty in terms of health (nutrition and child mortality), education (years of schooling and school attendance) and living standard (access to water, sanitation, electricity, housing, cooking fuel and asset ownership) (see Alkira and Sumner 2013) . Therefore, a Multidimensional Poverty approach offers a more effective analytical tool on poverty, better placed to assist the global SDG strategy to eradicate poverty. Table 1 presents the 'architecture' of the Multidimensional Poverty Framework (MPF).
Our paper builds on the Multidimensional Poverty Index by integrating in the same framework income and nonincome based definitions of poverty as well as aspects of environmental poverty. The need to incorporate environmental and natural resources aspects in MPF is an issue raised by OPHDI itself, which has developed the MPI (see especially OPHI 2016; Thiry et al. 2018) . Of course, both the Millennium Ecosystem Assessment (M.E.A 2005) and now the SDGs encourage such an integrated approach to poverty alleviation, wellbeing and sustainable environmental management. Existing literature points to trade-offs between poverty and the environment and the need for decisions in alleviating poverty to be taken with explicit consideration for environmental and ecological trade-offs (Uitto 2016; Schreckenberg et al. 2018) . For instance, intensification of agriculture or timber production may help lifting groups out of poverty, but will likely have adverse, unsustainable effects on natural habitats and biodiversity. Conversely, converting managed landscapes to natural or protected environments may in some cases be done without considering local communities relying on this natural capital (Fairhead et al. 2012 ). Yet, by integrating environmental indicators in our poverty analysis, we want to advocate that environmental damage is not a trade-off to poverty alleviation, but a critical and integral aspect of poverty itself. Our adjusted Multidimensional Poverty Framework is presented in Table 2 .
Our proposed adjusted MPF consists of five dimensions of poverty and 15 indicators that cut across SDG 1 (poverty), SDG 2 (hunger), SDG 3 (health and wellbeing), SDG 4 (education), SDG 6 (water and sanitation), SDG 7 (affordable and clean energy), SDG 9 (industry, innovation, infrastructure), SDG 11 (sustainable cities), SDG 13 (Climate action), SDG 15 (life on land). Wherever possible, we used official SDG targets for our indicators. Wherever this was not possible, due to lack of effective official indicators or available long-term data, we consulted the existing literature so as to identify alternative proxy indicators (see Table 2 ). In constructing this adjusted MPF, our aim is not to create a 'new index'. Our decision on indicators to be included was not based on 'ideal indicators', but on indicators for which long time-series data are available. Building on MPF, our main aim was to construct a methodological framework that allows indicators for different aspects of poverty to productively come together in the context of SDGs. This is a necessary step for analysing the differential impact of financial crises on key aspects of living that define the phenomenon of poverty as well as how this differential impact matters for meeting or missing the key sustainable development goal of eradicating poverty.
In the next section, we present our data and empirical strategy in studying the relationship between financial crises and Multidimensional Poverty.
Data sources and rationale
For the 15 indicators in our adjustment Multidimensional Poverty Framework, we use secondary unbalanced data from 150 countries for the period of 1980-2015. These data are sourced from the World Development Indicators (WDI) of the World Bank (The World Bank 2018b), CCI satellite data imaging available in Food and Agriculture Organization (FAO) dataset (Food and Agriculture Organization 2018) and the Environment Performance Index (EPI)-Yale (Wendling et al. 2016 (Wendling et al. , 2018 . The unbalanced dataset used in this study is due to different starting date of data availability and missing data in the indicators and control variables used. Regarding different starting date, data for some indicators are available from 1980, whilst others are only after 1990 or 2000. As a result, econometric analysis of indicators and income groups is performed on different numbers of observations. Table 2 presents the 15 Multidimensional Poverty indicator used and their sources. Table 2 also presents which of these indicators are official SDG indicators and which ones are used as proxy to capture aspects of poverty falling under different SDGs.
For our analysis, we further divide the 150 countries in our dataset into four income groups based on Gross National Income (GNI) per capita as per the World Bank Atlas Method (The World Bank 2018a). The number of countries per income group is presented in Table 3 . The household's sanitation facility is not improved (according to SDG guidelines) or it is improved but shared with other households.
1/18
Drinking water The household does not have access to improved drinking water (according to SDG guidelines) or safe drinking water is at least a 30-min walk from home, round trip.
Electricity The household has no electricity. 1/18 Housing Housing materials for at least one of roof, walls and floor are inadequate: the floor is of natural materials and/or the roof and/or walls are of natural or rudimentary materials.
Assets The household does not own more than one of these assets: radio, TV, telephone, computer, animal cart, bicycle, motorbike or refrigerator, and does not own a car or truck.
Our data on global financial distress events are based on Laeven and Valencia (2018) . Initially published as part of an IMF working paper, the Laeven and Valencia dataset is one of the most comprehensive datasets available, covering financial crises at global level during the period 1970-2017. The dataset includes three types of financial crises: systemic banking, currency, and sovereign debt crises. Banking crises are defined as systemic, when two conditions are met: there are significant signs of financial distress in the banking system (e.g. bank runs, bank liquidations, significant losses in the banking system in terms of non-performing loans or total assets) and significant banking policy interventions in response to banking losses (e.g. deposit freezes, bank nationalizations, substantial public liquidity support or guarantees). Currency crises are defined as a nominal depreciation of the country's currency vis-à-vis the U.S. dollar of at least 30 percent that is also at least 10 percentage points higher than the rate of depreciation in the year before. As for sovereign debt crises, these include episodes of sovereign default or debt restructuring. It is important to mention that approximately 58 percent of the crises in the dataset have a duration of 3 or more years, whilst the most frequent duration in the dataset is that of 5 or more years (approximately 37 percent of the total). Thus, we are not only focusing on the break-out year of crises, but on their continuous effects throughout their duration. The database includes 151 banking crises, 236 currency crises and 75 sovereign debt crises; of these 41 are twin crises (banking and currency) and 11 triple crises (banking, currency, sovereign debt). The most frequent type of crisis in high-income countries is that of banking crises, whereas for middle-and low-income countries is currency crises. All income groups have experienced all three different types of crises, giving us room for comparison between crisis and non-crisis years.
In this paper, we are less interested in the different sources of financial distress. Our main concern is to estimate how financial crises, regardless of specific types, impact on poverty dynamics in different groups of countries. Such an approach serves also better our panel data statistical approach (see below). Thus in our analysis, we aggregate all types of crises into one categorical variable, namely financial crisis. Out of 5400 total observations, 651 periods are characterised by a financial crisis, while 4749 periods are 'crisis-free'. A positive sign to the financial crisis categorical variable means that the events of financial crises are associated to higher magnitude of poverty indicators relative to the absence of financial crises and vice versa.
Modelling the impact of financial crises on multidimensional poverty
This paper investigates the association between financial crisis events in different countries with each of the 15 Multidimensional Poverty indicators. This is intended to capture the influence of financial crises on poverty as a multidimensional phenomenon and as a result on the attainment of key SDGs related to poverty. This method of using a categorical variable in capturing event responses has been frequently used (see for instance Barkema et al. 1996; McGahan and Mitchell, 2003; Makino et al. 2004; Afonso et al. 2010; Papi et al. 2015; Widiarto et al. 2017) . Thus, our focus herein is whether the financial crisis events exhibit statistically significant association with a change in time series of the poverty indicators used in our framework.
To deal with the multiplicity and diversity of poverty indicators included, we adopted an econometric approach of general-to-specific (GETS) modelling. In GETS, empirical model building starts with a general statistical model, which includes all potential regressors based on existing theories, then it is reduced by removing the statistically insignificant variables. This step was accompanied by continuous validity checking at every step, until our model arrived to a simplified final form with all significant regressors (see for instance Perez 1999, 2004; Hendry and Krolzig 2004) . The literature used in the modelling of different indicators is presented in Table 2 .
In evaluating the association of financial crises to poverty indicators and the attainment of selected SDGs, we utilize generalized least square random effects panel data econometric modelling. Separate models are developed for each poverty indicator, where each indicator is specified as the dependent variable. The financial crisis influence is set as a categorical variable of interest, controlling for several economic indicators based on existing studies (see Table 2 ).
If the Multidimensional Poverty indicator of interest in country i in time t, as dependent variable, can be denoted as MPI it ( i = 1, … , n; t = 1, … , T), thus, the reduced form of the model for global region can be written as follow:
whereby 0 is the regression intercept; X ijt represents the independent variable X ( j = 1, … , k ) for country i in time t; j represent coefficients for independent variable j ( j = 1, … , k ); 1 , 2 and 3 are coefficients for three categorical variables representing lower-middle, upper-middle and high-income countries (that are compared against lowincome countries); 4 is coefficient for categorical variable representing a financial crisis event, u it captures betweenentities (in this case between-countries) error, whilst e it signifies within-entities (within-countries) error.
In line with Eichengreen et al. (2017) , this study assumes that there are inherent differences in economic growth characteristics between countries in different income groups. Moreover, in the event of financial crisis, the assumption herein is that low-income countries are affected more than middle-and high-income countries (see Harper 2009 ). Thus, to permit the impact of a financial crisis to vary across income groups, and thus capture the 'income group effect' in poverty dynamics (Eichengreen et al. 2017) , we run our model (1) for each income group separately (i.e. low-income, lower-middle income, upper-middle income and high-income countries). To preserve uniformity, these four sub-models are constructed with the specification used in global model with reduced form that can be written as follow:
Random effect panel data are chosen in the analysis for three reasons: firstly, as it is expected that between-countries variation influences the dependent variables, i.e. the differences across countries have some influence in the attainment of poverty indicators (Lee et al. 2018) . Random effects modelling captures this cross-sectional variation, i.e. variation between-countries in each year, in addition to time-series variation, i.e. within-countries variation, along the period observed. Secondly, implementing random effects panel data modelling enables us to observe the influence of timeinvariant variables, i.e. income groups, to poverty indicators. Finally, random effects modelling provides more flexibility (1)
in observing possible curvilinear relationships between poverty indicators and their explanatory variables. This curvilinear relationship is indeed significant in one of income-based indicators of poverty used, i.e. the poverty gap at US$1.90 a day poverty line.
Our models incorporate Huber/White or sandwich estimator to obtain heteroscedasticity-robust standard errors (see Huber 1967; White 1980; Freedman 2006) . To test the overall significance of the models, a Wald F-test is first run along with the regression analysis. This test shows that all coefficients from our regression results are statistically significant. A Breusch-Pagan Lagrange Multiplier test is also performed to assess the use of random effects panel data regression (using generalized least squares) in comparison to ordinary least squares regression (which includes fixed effect panel data regression). The results show that the random effects are appropriate to be used in the models as the variance between-countries is significant. The results of Wald F-Test are included with complete regression results in Electronic Supplementary Material S1-S14, whilst the results for Breusch-Pagan tests are included in S15.
Results: financial crises and poverty dynamics
The results of our panel data econometric modelling are presented in Table 4 . Financial crises events are observed to have statistically significant relationships with most Multidimensional Poverty indicators. The results point to several negative synergies between different indicators of deprivation in the event of financial crises. Furthermore, our econometric estimates generally point to significant differences between different income groups, with lowincome countries being more severely affected by financial crises in most cases. Financial crisis events are generally showing the expected statistically significant association with our Multidimensional Poverty indicators stated in column 2 of Table 4 . Yet, counterintuitive results are found on two indicators (access to safe drinking water and infant mortality rate). Using the framework of Multidimensional Poverty approach, we present the findings of our analysis below.
Income
Financial crises exhibit statistically significant correlations to deteriorated measures of both poverty headcount (breadth of poverty) and poverty gap (depth of poverty). At global region crises are associated with a higher poverty headcount of 2.05% and a larger poverty gap of 1.20%, ceteris paribus. The correlation between crises and aspects of income-based poverty is extended to all income groups, but the differences between them are striking. The most important result in this regard is the magnitude of the coefficients in the case of lowincome countries, where crises are associated with 9.89% higher poverty headcount and a 9.82% wider poverty gap. Thus, these countries in times of financial crises, not only see significant numbers of people falling below the $1.90 a day extreme poverty line, but also see the conditions of people already in extreme poverty to significantly deteriorate. A pronounced but smaller impact on poverty headcount (6.75%) is also observed in lower-middle income countries, although, in these countries we find no statistically significant relation with regard to poverty gap. The reverse is the case for upper-middle income countries, where financial crises are associated with an increase of 1.05% in poverty gap, but not with a higher poverty headcount. Finally, financial crises are associated with negative developments in both poverty headcount and poverty gap in high-income countries at 0.29% and 0.17%, respectively.
Our results point to a more pronounced effect of financial crises on income-based poverty than existing results in the literature (see Chen and Ravallion 2010; Ravallion and Chen 2009 ). The strong and statistically significant effect of financial crises on low-income countries is particularly worrying. Considering the high number of low-income countries in high risk or already in debt distress, meeting SDG1 on eradicating extreme poverty is a huge challenge that requires urgent action, if the target is not to be missed from our generation's time horizon.
Basic needs
Our results on the association between financial crises and access to drinking water, basic sanitation and electricity are not uniform. At global region, financial crises are found to be significantly correlated with a reduced access to basic sanitation and electricity, by 0.5% and 1.79%, respectively, ceteris paribus, but we find no significant correlation with regard to access to drinking water. At income group level the picture is mixed. The reduced access to basic sanitation in the global region is driven by the statistically significant reduced access to basic sanitation in the lower-middle income countries of 0.81%, while we find no statistically important relationship for the other groups. Financial crises are associated with significantly lower access to electricity in the low and lower-middle income countries, at 5.28% and 2.93%, respectively, while no significant effect is found for upper-middle and high-income countries. Finally, counterintuitively, financial crises appear to be associated with reduced access to basic drinking water only in high-income countries, at 1.16%, whereas this association appears to be positive in low-income countries. Our positive result here may reflect the overall continuous positive trend of increased access to basic drinking water in low-income countries (see Table 4 Regression results on financial crises' effects on multidimensional poverty (beta and standard error) Fig. 1 ), rather than a positive impact of financial crises on drinking water. This may also be the reason why no significant relationship is found between crises and basic sanitation in low-income countries (Table 4 and Fig. 1 ).
Health
Our health-related poverty indicators include infant and maternal mortality rates and premature deaths due to exposure to particulate matter pollution. With regard to infant mortality, we find that financial crises are significantly associated with lower global infant mortality rates in lower-middle and upper-middle income countries, whilst no significant association is recorded for low-income and high-income countries. These findings are counterintuitive as they contradict existing country-or region-specific results in the literature. For instance, Rajmil et al. (2014) have found an excess infant mortality rate in sub-Saharan African countries and Filippidis et al. (2017) have found increased infant mortality rate in Greece in 2009, as a result of the economic crisis. Yet the general trend for infant mortality for both global region and each income groups, shows a continuous declining trend (see Fig. 1 ) and it is this signal that seems to be recorded in our results.
With regard to maternal mortality, we do not observe a statistically significant relationship for most income groups. This corresponds with recent findings that stress the general steady improvement in maternal mortality (e.g. Alkema et al. 2016 and WHO 2019) . However, we do find a significant effect for low-income countries, where financial crises correlate to higher maternal mortality, on average by 29 deaths per 100,000 live births. This confirms past and recent studies on maternal mortality in lowincome countries (e.g. Brenner 1973 , Alkema et al. 2016 and highlights the problem of government health expenditure in these countries, especially in periods of economic crisis (Anderson et al. 2011) . Our third health indicator refers to premature deaths due to exposure of a country's population to particulate matter pollution. Although, this indicator estimates the economic costs ('foregone labour income') to the national economy due to these premature deaths, we are interested in this as an effective proxy of health damage due to environmental pollution. We find that financial crises are significantly associated with higher economic costs due to particulate matter pollution in global region by 0.16% of GNI, ceteris paribus. This effect in low-income, lower-middle income and upper-middle income countries is 0.37%, 0.13% and 0.06% of GNI, respectively; we find no effect in high-income countries. Note that these results do not capture 'other' health effects (not leading to death) and their related huge economic costs (e.g. children respiratory diseases) (see Chen et al. 2017) .
Education
Here, we examine how financial crises may affect the out-of-school rates in primary education and government education expenditure. Our results show that financial crises episodes are significantly associated with higher numbers of primary children out of school. At the global level, we estimate the effect at 1.43% and for low-income and lower-middle income countries is 5.80% and 3.13%, respectively, whereas we find no statistically significant results for upper-middle income and high-income countries. With regard to government education expenditure, the magnitude of the effect of financial crises, especially in low and middle income countries, is staggering. Financial crises correspond significantly to lower government education expenditure in the global region, low-income, lowermiddle income and upper-middle income countries, by 24.04%, 17.72%, 12.10% and 25.24%, respectively. Thus, financial crises have a severe effect on education-related aspects of poverty, by severely constraining the capacity of developing countries to develop their future human capital.
Our results confirm findings reported by Shafiq (2010) and OECD (2013) . Financial crises exacerbate educationrelated poverty through both macro and micro channels. They force countries to reduce their future human capital investment, whilst, at the same time, they strike households already in poverty or around poverty line, forcing them to pull out the children from primary education; thereby destroying a key route to escape poverty, i.e. education. Lack of education pulls the occasional or churning poor segments of the population (as per Hulme and Shepherd (2003) 's classification) into chronic poverty condition (Kulild 2014 ).
Environment
Our indicators here aim to capture how financial crises relate to key dimensions of environmental poverty such as CO 2 emissions from forest removals and fossil fuels, forest rents, terrestrial protection and agricultural land use. These indicators are very important as they point to the potential overexploitation of a country's natural capital, reducing ecosystem services. We find that financial crises associate with an increase in net forest land CO 2 emissions both in low-income and high-income countries by 0.818 and 2.479 terragrams, respectively. The possible causes for this are multiple and may include an increase in forest product exports from low-income countries (Mills Busa 2013), to household illegal logging (Pagiola 2001; Lekakis and Kousis 2013) and increase in large-scale forestry operations and wildfires in high-income countries (Curtis et al. 2018) . Contrary to the increase in net carbon emission due to forest loss during financial crises, at the global level financial crises are significantly associated with an 8.19% decrease in economic costs from CO 2 fossil fuel emissions. These results are driven by decreases in lower-middle and upper-middle income countries of 16.88% and 17.89%, respectively; no effect is found in low-and high-income countries. Yet, as existing literature points out the beneficial crisis impact from the reduction in CO 2 emissions is rather short term (for a recent review and evidence see Pacca et al. 2020) . With regard to forest rents, we find a statistically significant effect only for low-income countries, where forest rents are higher by 0.80%. These results confirm earlier findings from Angelsen and Resosudarmo (1999) and Leahy and Schipani (2018) . Financial crises are also observed to be significantly correlated with the reduction of terrestrial protected areas, an important indicator with regard to natural resources rent exploitation and biodiversity protection (Scharlemann et al. 2016) . At global level, the reduction is 0.57%. At different income groups level the most pronounced effect is at upper-middle income countries, at 1.05%, followed by low-income countries, at 0.85%.
Finally, a significant association is found between periods of financial crises and decrease in agricultural land in global region and amongst upper-middle income and high-income countries, by 1%, 2.36% and 1.21%, respectively. More research is required to establish the drivers for this decrease in agricultural land, but reasons may include changes in the price of agricultural commodities (Pagiola 2001) , while farmers are also faced with higher input costs and poorer output price transmissions (Piesse and Thirtle 2009 ). Furthermore sustainable diversification and intensification of agricultural land practices may also play a role (for lower income countries see Pretty et al. 2018) . In other cases, crises events may cause agriculture to be reduced in favour of manufacturing or industrial plants or the reduction in agricultural land may point to population movements to urban centres, thus uncovering another negative feedback loop of the crises that affect Multidimensional Poverty dynamics.
Income groups' differences
The income group results in Table 4 are based on our model (2), i.e. we run our model separately for each income group. One of the advantages of using a random effects approach in our modelling is that we can better observe how different income groups influence each other in times of economic shocks, based on the assumption that the performance of each income group is not independent of the performance of the other groups. Thus, we are better placed to establish the significance of group-specific drivers in each of the Multidimensional Poverty indicators. To account for these group-specific effects, we include categorical variables representing income groups, with lowincome group as base category. We present the results of this analysis in Table 5 .
Our results show that there are significant differences between all four income groups in access to basic drinking water, access to basic sanitation, access to electricity, maternal mortality ratio, governmnet education expenditure, forest rents and terrestrial protected area. In these variables, lowincome countries are shown to be significantly lagged behind other income groups. For instance, in the access to basic sanitation, lower-middle, upper-middle and high-income countries are found to have significantly higher access by 8.90%, 21.795% and 22.379% ceteris paribus. In other variables, significant differences are also found between two or three income groups. Our results suggest that an income group-specific effect exists and plays a role in the attainment of most of the poverty indicators in the global region. The magnitude of the gap between low-income and other income groups is significant. If SDGs are to be met for this group of countries in the current context of debt dynamics, thinking out of the box and policies beyond established conventions will be required.
Discussion
Our analysis provides new empirical evidence and estimates on the effect of financial crises on Multidimensional Poverty indicators. As expected, low-income countries are affected more severely than other income groups in most poverty indicators, including the poverty headcount ratio, poverty gap, access to electricity, maternal mortality and children out of school. Considering current global debt dynamics and heightened debt distress risks and episodes across poor countries this means that not only the attainment of the UN Agenda 2030 for low-income countries is beyond reach, but also that instead of steps ahead we may see steps backwards, i.e. a reversal of the positive outcomes achieved during the MDGs.
Yet, focusing only on low-income countries is not enough to understand the challenge posed by financial crises on poverty. For instance, our results show that financial crises have significantly impacted upper-middle income countries more than other income groups, in reduction of government education expenditure, reduction of agricultural land and reduction of terrestrial protected areas. Considering both the area of the planet and the size of global population living in these countries, this demonstrates that Multidimensional Table 5 Regression results on between income groups differences (beta and standard error) Statistical significance level: *p < 10%, **p < 5%, ***p < 1% a As these are in natural logarithm format, the results in our analysis are nonlinearly transformed back to percentage change based on the formula [(exp (b) Poverty remains a significant challenge for upper-middle income countries with significant wider planetary implications (e.g. on food, environment and biodiversity). Not unexpectedly, poverty in high-income countries is less affected, but not immune to financial crises. This is not only evident in income-based indicators of poverty, but unexpectedly touches also upon areas of basic needs such as access to basic water. Further research is needed to test and contextualise these results.
Along with income-based poverty, the most disruptive effect of crises is on education. Financial crises hit both government policies (reduction on education expenditure) and directly households (children out of school at primary school age). This is a critical aspect for SDGs attainment, as lack of education locks countries and individuals into a vicious circle of poverty. This is an issue of ultimate priority for the international community. Redirecting limited resources from education and public services to debt repayment will not leave poor and developing countries with better public finances, will just enhance the sources that feed and reproduce their poverty.
Our evidence on economic costs due to premature deaths from particulate matter pollution, in global region, lowincome, lower-middle income and upper-middle income countries comes to confirm recent WHO (2018) facts that refers to air pollution as a major global threat to health and climate, leading to an estimated 4.2 million premature deaths per year due to strokes, heart diseases, lung cancer and chronic respiratory diseases. We also find some evidence of deforestation during financial crises, in the form of increases in net forest land CO 2 emissions, but only in low-income and high-income countries.
Not all our results, however, are negative. For instance, we deem our counterintuitive findings on access to basic water equally important. Comprehensive global data on access to basic water are available only since 2000. Thus, our model essentially captures the significant progress achieved in this area since 2000. Indeed, the respective Millennium Development Goal of halving the proportion of global population without access to clean and safe drinking water by 2015, was achieved 5 years earlier in 2010 (2.6 billion people had gained access to improved drinking water since 1990). Of course the problem has not been solved, as 3 in 10 people still lack access to safely managed drinking water services (see Weststrate et al. 2019; Alcamo 2019) . Respective dynamics should underlie also our counterintuitive results on infant mortality with data going back to 1980. These counterintuitive results, especially with regard to access to drinking water, demonstrate the positive impact that concerted international efforts can have despite any local adverse socioeconomic shocks as well as the degree of determination and proactive action that is needed if poverty is to be eradicated. The adopted Multidimensional Poverty Framework exposes also an interesting contrast in poverty dynamics over recent decades. The significant gains that we have seen in very basic areas of subsistence (e.g. infant mortality, water) in the context of financial crises and beyond, are not replicated in areas that feed and sustain poverty dynamics (e.g. education, electricity). Put differently, although there is still substantial distance to be covered, there has been considerable progress towards the target of 'surviving poverty'. Much less so is the case with the target of 'escaping poverty'. This is a significant message from our Multidimensional Poverty analysis. Without addressing the forces that sustain poverty, the declaration of consequent 'Development Goals' international initiatives will end up being a permanent feature of our international society-always bringing us nominally closer to the target, but never able to meet it.
One of the most important factors governing more successful and potentially cost-effective implementation of the SDGs lie in identifying potential positive and negative synergies between individual targets (SSRP 2018). This has taken off with investigations into the effects of implementing individual targets (e.g. Nerini et al. 2018; Diz et al. 2017) or attempting to link all SDGs (International Council for Science 2017). In line with our analysis, Pardhan et al. (2017) have also identified that SDG1 on poverty has synergistic relationships with most other SDGs, with stronger statistical links to SDGs 3 (Good health and wellbeing), 4 (Quality education), 5 (Gender equality), 6 (Clean water and sanitation) and 10 (Reduced inequalities). In our analysis, we have presented an adjusted Multidimensional Poverty Framework incorporating income, basic needs, health, education and environment, allowing us to investigate positive or negative synergies of multiple parameters related to poverty, not just those stated in SDG1. Our results point to a number of dynamic linkages between different aspects of poverty. An increase in poverty headcount and poverty gap during a financial crisis, corresponds to a decrease in access to basic sanitation (SDG1), a decrease in access to electricity (SDG7), an increase in maternal mortality (SDG3), an increase in particulate pollution (SDG11, 13), a higher number of children out of school and a decrease in the education expenditure (SDG4), an increase in CO 2 from forest removals and forest rents (SDG15 and SDG12), and a decrease in terrestrial land protection (SDG15). Not all links are clear cut or have a unidirectional impact. A decrease in agricultural land may have an influence on food security (SDG3) as well as natural land regeneration (SDG15). An increase in forest rents may have a positive immediate effect on income from natural resources (SDG1, 12) but may negatively affect SDG15 and long-term environmental poverty, if the wood harvests are unsustainably sourced. Using this Multidimensional Poverty Framework approach helps up understand dynamic linkages between different aspects of poverty, but also warns of a domino effect on a number of SDGs if the current problem of slow burning financial crises in low-income countries is not decisively and preemptively addressed.
In this sense, the keys for the success or failure of the Agenda 2030 and the target of 'leaving no one behind' may be in the SDG 17, Partnerships for the Goals. As we have mentioned in the beginning of the paper, for many lowincome countries debt distress and financial crisis are not dangers to be avoided in the future but a reality, and debt repayment costs have gone up for most developing countries, in some cases at devastating levels. Target 17.4 refers explicitly to the need and outlines the framework for global action in this regard: 'Assist developing countries in attaining longterm debt sustainability through coordinated policies aimed at fostering debt financing, debt relief and debt restructuring, as appropriate, and address the external debt of highly indebted poor countries to reduce debt distress'. This is a long-standing pending issue in global economic history and one can legitimately be pessimistic that the needed institutions and arrangements will be implemented in time. But in a period when deglobalisation dynamics seem to dominate and the remaining social fabric of the international community is torn apart by excessive inequalities, it seems to be an issue that can bring citizens and governments together creating new purpose and dynamic for the Agenda 2030. In this context, the IMF, with its expertise in financial crises, has an important role to play, by effectively integrating the SDG targets in its debt sustainability framework for lowincome countries, and proactively and preemptively leading and coordinating the global policy that is urgently needed in the framework of SDG Target 17.4.
Conclusion
This paper has analysed the role of financial crises on the implementation of the Sustainable Development Goals, especially in relation to poverty indicators. We have used an adjusted Multidimensional Poverty approach addressing poverty's multiple social, economic and environmental facets in an integrated way. This has been achieved using an econometric approach of general-to-specific (GETS) modelling on 150 countries over the period 1980-2015 and separating countries into four income groups: low income, lower-mid income, upper-mid income and high income.
We offer new estimates on the potential impact of financial distress on the SDG target of eradicating poverty. This is an issue of imminent importance, as according to the IMF (2018a) eight low-income countries are now in debt distress and sixteen more are facing a high risk of debt distress. Furthermore, debt repayment obligations have risen significantly across developing countries and global debt dynamics indicate that a new global financial crisis may be in the making (IMF 2018b). In this context, our results indicate that key poverty dynamics in low-income countries will get worse rather than better in the near future (including, poverty headcount and poverty gap, access to electricity, maternal mortality, particulate material health damage, children out of school and government expenditure on education, forest rents and reduction in biodiversity). The implementation of SDGs, especially in low-income countries, should be 'remodelled' to take into account existing financial distress and crisis impact estimates. In this context, the SDG target 17.4 on attaining long-term debt sustainability through coordinated policies requires urgent attention and should be 'activated' sooner rather than later, to give the implementation of the SDGs a chance.
The use of the Multidimensional Poverty Framework makes it clear that the problem of poverty and its eradication cannot be effectively dealt within the 'boundaries' of SDG1. Attempting to eradicate poverty by focusing only on SDG1 will distort our understanding of progress made and may come at the cost of other poverty dimensions (e.g. environment). Our analysis highlights the interconnectedness of different SDGs related to poverty. Although synergies are supposedly built into different SDGs, there is a constant risk that focusing on individual SDGs separately will hamper our capacity to meet the target of eradicating poverty.
The use of the Multidimensional Poverty Framework allows a better grasp of different poverty components and their interconnections. Financial crises have a significant negative impact on people's livelihoods (especially in low-income countries), and a significant positive impact on the forces and mechanisms that sustain poverty. To meet the target of eradicating poverty we need an integrated, holistic approach to the phenomenon of poverty. The MPF offers a solid starting point for this. Including environmental aspects is key here both for short and long-term poverty dynamics (e.g. health damage, depletion of natural resources, biodiversity loss). There can be no sustainable escape from poverty that does not account for environmental sustainability. provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
